The neurons and glial cells of the peripheral nervous system differentiate from precursor cells of the neural crest and ectodermal placodes (for a review, see LeDouarin, 1982) . Analysis of these differentiation pathways requires markers that distinguish between the immature cell types of different cell lineages.
We have previously analyzed the differentiation of neurons and glial cells in developing chick and quail dorsal root ganglia ) using cell surface markers specific for neurons, tetanus toxin (Dimpfel et al., 1975; Mirsky et al., 1978) and Q2 11 antibody (Henke-Fahle, 1983a, b) ; and for glial cells, 04 antibody (Sommer and Schachner, 198 1; Rohrer and Sommer, 1983; Rohrer, 1985) . Those studies have led to the identification of a population of undifferentiated cells that is devoid of any of these markers. This cell population, which is present only during early development, was isolated from dorsal root ganglia and was demonstrated to contain neuronal progenitor cells ). An important event in the development of a neuron is the terminal mitosis, the withdrawal of dividing neuronal precursor cells from the mitotic cycle. The appearance of neurons as postmitotic cells was determined by 3H-thymidine labeling in various parts of the nervous system in different species (Sidman et al., 1959; Fujita, 1964; Carr and Simpson, 1978; Levitt and Rakic, 1982) . There is general agreement that in the central nervous system, neuron-specific properties such as neurotransmitters (Olson and Seiger, 1972; Lander and Bloom, 1974) , neurotransmitter-synthesizing enzymes (Rothman et al., 1980) , but also other neuronal markers (Schmechel et al., 1980; Koulakoff et al., 1983) are not expressed in dividing neuronal precursor cells. In contrast, in the peripheral nervous system, dividing cells that express neuron-specific properties have been demonstrated in chick sympathetic ganglia (Cohen, 1974; Rothman et al., 1978) and it was implied that these findings were characteristic for the whole peripheral nervous system.
The undifferentiated cell populations identified in chick and quail dorsal root ganglia were detected only during the periods of neuronal birth, when neuronal precursor cells withdraw from the mitotic cycle, indicating that dividing neuronal precursor cells do not express neuron-specific surface markers in these systems. Thus, it was of interest to analyze other sensory and autonomic ganglia for the presence of undifferentiated neuronal precursor cells during early stages of their development, and to establish the relationship between terminal mitosis and the expression of neuron-specific cell surface markers in these ganglia, in comparison with sympathetic chain ganglia. A preliminary report of this work has appeared previously , 1985) . The cultures (maintained for either 3 or 24 hr) were first incubated with antibodies against 04 or Q2 11 antigen, fibronectin, or with tetanus toxin. Cultures that had been labeled with tetanus toxin were subsequently incubated with human anti-tetanus toxin serum. After these incubations with first antibodies, cells were fixed with 4% paraformaldehyde and incubated with FITC-labeled secondary antibodies. Cultures were then washed, mounted in PBS/glycerol ( 1: 1, vol/ vol), and viewed with a Leitz Orthoplan microscope using epifluorescence UV illumination.
For the DNA staining, the cells were washed after incubation with FITC-labeled secondary antibodies, once with PBS, twice with 70% ethanol, and then once with 96% and 100% ethanol each. The cells were then incubated with 0.5 /Lg/ml bisbenzimide (Hoechst H33258 Serva, Heidelberg) in PBS for 1 hr at room temperature. After the staining, the cultures were washed and mounted in PBS/glycerol.
Complement-mediated cell lysis using Q211 and 04 antibodies. Cells from dissociated ciliary, nodose, or sympathetic ganglia were incubated for 40 min at 37°C with guinea pig complement (1:6) and with both 04 antibody (1:40) and Q2 11 antibody (1: lOOO), as has previously been described in detail . Since the efficiency of complement-mediated cell lysis varies from preparation to preparation of complement, the concentration of complement had to be adjusted to ensure that the specific cell lysis was complete without reaching the range of nonspecific lysis. After incubation, cells were collected by centrifugation through acushionof3% bovine serum albumin (U. Emsberger and H. Rohrer, unpublished observations), washed once in culture medium, and then plated.
*H-thymidine-labeling studies.
Eggs were removed at appropriate times from the incubator, and at the blunt end a small window was cut into the shell. The vitelline membrane was removed from over the embryo and methyl-)H-thymidine (Amersham; 40-60 Ci/mmol) was applied (20 &i in 100 ~1 PBS) to the chorioallantoic membrane of the embryos. Following the 'H-thymidine injection, the window was tightly sealed with transparent tape and the egg was returned to the incubator. At different time intervals after the injection, ganglia were dissected, dissociated to single cells, and brought into culture. The cells were then stained for the neuron-specific surface markers (tetanus toxin receptor and Q2 11 antigen). After incubation with fluorescein isothiocyanate (FITC)-labeled secondary antibody, the cells were rapidly dehydrated with ethanol (see above) and covered with photographic emulsion (Kodak NTB 2). After an exposure period of 4-5 d, the specimens were developed using Kodak D 19 developer. Silver grains and staining for the surface markers were viewed using bright-field optics and FITCfluorescence optics, respectively. In vitro 'H-thymidine was added at a concentration of 1 pCi/ml to the complete medium.
Determination of DNA content of cultured cells. Cultured cells were stained for the Q211 antigen or for tetanus toxin receptors. After inMaterials and Methods cubation with theFITC-labeled secondary antibody, the cells were washed with PBS. then twice with 70% ethanol. once with 96%. and once with dish. For short-term (3 hr) cultures, cells were kept on a polyomithineCell culture. Ganglia were dissected from chick embryos at various ages, coated dish in F14 medium SuDDlemented with 10% (vol/vol) heatinactivated horse serum and 5%-(vol/vol) heat-inactivated fetal calf cleaned carefully of surrounding tissue, and dissociated after trypsiniserum. Twenty-four hour cultures were kept on laminin-polyomithinecoated dishes, which were prepared by sequentially coating them with zation, as described previously (Barde et al., 1980) . Dorsal root ganglia polyomithine, 0.5 mg/ml (Sigma), and laminin, 10 pdrnl (BRL) by the methods of Collins (1978) and Edgar et al. (1984) , respectively. The and sympathetic chain ganglia were dissected from the lumbosacral plating efficiency was very high in all experiments, i.e., virtually all cells had attached to the culture substrates after 3 hr. The medium was further region. Cells were plated at a density of 80,000 cells/35 mm culture supplemented for 24 hr cultures with neurotrophic factors, according to the type of ganglion: ciliary neurotrophic factor (CNTF; 10 t&ml) (Manthorpe et al., 1986 ) was added to ciliary ganglion cultures, NGF (20 @ml) to sympathetic ganglion cultures, brain-derived neurotrophic factor (BDNF; 200 @ml) (Barde et al., 1982) to nodose ganglion cultures, and both NGF and BDNF to dorsal root ganglion cultures. BDNF was purified as described by Barde et al. (1982) with modifications to be nublished elsewhere. and was aenerouslv provided by Y.-A. Barde: CNTF was a gift of M.'Sendtner.NGF was purified from adult mouse salivary glands according to the method of Boccini and Angeletti (1969) , as modified by Suda et al. (1978) . Immunojluorescent staining of cultures. Cell surface antigens were visualized in cell cultures by indirect immunofluorescent staining of living cultures, as described in detail previously (Rohrer, 1985; Rohrer et al. (1984) , using a Leitz Dialux fluorescence microscope with filter block A. Cells were examined with a 100 x Fluotar oil-immersion ob-100% ethanol. They were then incubated for 1 hr with 6.5 &ml of the jective, and fluorescence intensity was measured with a Leitz MPV DNA-specific fluorophore bisbenzimide, 4,6-diamidino-2-phenylinmicroscope photometer equipped with a variable diaphragm. The diaphragm was adjusted to the size of a nucleus. The photometer was dole (DAPI) (Leeman and Ruth, 1982) in PBS. After the incubation, connected to a Kontron PSI 80 microcomputer, which performed all data collection and analysis. the cells were washed with PBS and mounted in PBS/glycerol (1: 1, vol/
Results
Appearance of neuronal and glial characteristics on cells of the vol). The flourescence of the nuclei was measured as described by Weijer ciliary and nodose ganglion Ciliary and nodose ganglia were dissected at early stages of embryonic development and dissociated into single cells. Immediately after the cells had attached firmly to the polyomithine culture substrate. the cells were analvzed immunohistochemitally for the presence of the glia-specific 04 antigen, the neuronspecific Q211 antigen, and tetanus toxin receptors (Rohrer et al., 1985) . Tetanus toxin receptor staining and staining for the Q211 antigen were carried out in parallel in all experimental Since both markers gave identical results (see also Rohrer et al., 1985) , in later experiments only 4211 antibody was used (for reasons of convenience). Fibroblast-like cells were identified in overnight cultures using antibodies against fibronectin. The proportion of neurons, glial cells, and fibroblasts was determined (Fig. 1) . The proportion of glial cells increased continuously, whereas the proportion of neurons increased initially, but then decreased.
During early periods of development, a large proportion of the cells was devoid of the cell-type-specific markers. These undifferentiated cells were found both in ciliary ganglia and nodose ganglia up to about E6 (Fig. 1, hatched areas) .
Demonstration of neuronal progenitor cells in the und@erentiated cell populations
The undifferentiated cells present in the dissociated E4 nodose ganglion or in E4.5 ciliary ganglia can be obtained as virtually pure glia-and neuron-free cell populations by eliminating the differentiated neurons and glial cells. This elimination is achieved by complement-mediated cell lysis, using the cell surface-specific monoclonal antibodies 04 and Q2 11 . The undifferentiated cell populations were brought into culture and were shown to contain cells that were able to differentiate into neurons in culture within 24 hr. This differentiation process was characterized by the appearance of neuronal morphology (neurite production) (demonstrated with cells from dorsal root ganglia by Rohrer et al., 1985 , by the appearance of neuron-specific surface antigens (Fig. 2) , and by the appearance of voltage-dependent ion channels (K. Gottmann, I. D. Dietzel, H. D. Lnx, and H. Robert, unpublished observations). This neuronal differentiation was observed on a laminin-polyomithine substrate in the presence of neurotrophic factors.
Relationship between division of neuronal precursor cells and expression of neuronal surface markers Q211 antigen and tetanus toxin receptors
The undifferentiated cell populations that were shown to contain neuronal precursor cells were found during the time periods when neuronal precursor cells were dividing in the ganglia (d'Amico-Mattel, 1982), and the time at which undifferentiated cells disappeared correlated with the end of neuronal precursor E5 chick embryos were injected with 'H-thymidine.
Two hours after the injection, the dorsal root ganglia were dissected, dissociated, and plated on polyomithine-coated culture dishes. After 2-3 hr, the cells were stained for the 42 11 -antigen and processed for autoradiography. (a) Phase-contrast, (b) 42 11 staining (FITC fluorescence), (c) silver grains (bright-field). Magnification, x 360. cell division. This correlation suggests that dividing neuronal precursor cells are devoid of neuron-specific surface markers.
In order to test this hypothesis, 3H-thymidine was injected in vivo at the time of neuronal birth in dorsal root (DRG) (E5), nodose (NOD) (E4), and ciliary (CIL) (E4.5) ganglia. Two hours after the injection, the ganglia were dissected, dissociated to single cells, and brought into culture. Cells were stained for the presence of the neuron-specific surface markers and then processed for autoradiography. Between 9% (E4 NOD) and 25% (E4.5 CIL, E5 DRG) of the total cell population was labeled with 3H-thymidine. None of the cells identified as neurons was labeled by 3H-thymidine (Fig. 3, Table 1 ). These results indicate time after injection of 3H-Thymidine (hours) Figure 4 . In vivo JH-thymidine labeling. E5 embryos were injected with 3H-thymidine. At 2, 6, 12, 18, and 24 hr following the injection, the dorsal root ganglia were dissected, dissociated, and analyzed after 2-3 hr in culture for 42 11 antigen and incorporation of 3H-thymidine, as described in the legend to At different time intervals after injection, the dorsal root ganglia were dissected, dissociated to single cells, and cultured for 3 hr. The cells were then stained for the Q2 11 antigen and processed for autoradiography. As demonstrated in Figure 4 , none of the cells labeled with 'H-thymidine expressed the Q211 antigen before 18 hr after administration of the thymidine pulse. Cells labeled with both 3H-thymidine and Q2 11 antibody first appear between 18 anbd 24 hr after thymidine injection. These must have been the cells that were in the last hour of their terminal S-phase during the 3H-thymidine injection. It can thus be concluded that the Q211 antigen appears between 18 and 24 hr after the terminal S-phase of dividing neuronal precursor cells in dorsal root ganglia.
Neuronal progenitor cells in the und&erentiated cell population are postmitotic cells The neuronal progenitor cells that are present in the undifferentiated cell populations have been defined both by the absence 'H-thymidine was injected at the developmental time periods indicated. Ganglia were dissected 2 hr after the injection and dissociated to single cells. Cells were stained after 2-3 hr in culture for the presence of neuron-specific surface markers, and then processed for autoradiography. Data from 2-3 independent experiments are combined for each ganglion. At the time points indicated, the dorsal root ganglia were dissected, dissociated, and plated on dishes coated with polyomithine and laminin using F14 medium supplemented with serum, BDNF, and NGF. These conditions allow the differentiation of 42 11 -negative neuronal precursor cells present in E5 dorsal root ganglia. After 24 hr, the cultures were stained with anti-Q21 1 antibody and processed for autoradiography.
Data are given as the mean & SD of triplicate determinations.
of certain neuronal properties and by their developmental potential to survive and to differentiate into neurons in vitro. It was therefore of interest to establish the relationship between these cells, defined by their in vitro behavior, and dividing neuronal precursor cells, defined by 3H-thymidine labeling. We expected that dividing neuronal precursor cells would be able to survive and differentiate to Q2 11 -positive neurons. Dividing neuronal precursor cells from E5 dorsal root ganglia were labeled in vivo by a 2 hr pulse of 3H-thymidine. After the pulse, dorsal root ganglia were dissociated into single cells and brought into culture under conditions that allowed the differentiation of Q2 llnegative neuronal precursor cells (laminin-coated substrate and the presence of survival factors). After 24 hr in culture, the cells were analyzed for the presence of Q2 11 antigen and processed for autoradiography. Surprisingly, none of the 42 11 -positive cells were labeled by 3H-thymidine ( able to survive and differentiate under these conditions. What is the time interval between terminal mitosis and the ability of neuronal precursor cells to survive and differentiate in vitro? At different time intervals after the injection of 3H-thymidine, the ganglia were dissociated and analyzed in vitro for the presence of thymidine-labeled cells that had differentiated to Q2 11 -pasitive neurons within 24 hr in vitro. As demonstrated in Figure   5 , the ability to survive and differentiate to neurons is acquired between 6 and 12 hr after the terminal S-phase. Since dividing neuronal precursor cells can survive and differentiate to neurons under certain culture conditions (high cell density; unpublished observations), it can be concluded that dividing neuronal precursor cells survive the dissociation of the ganglia. The usual culture conditions, however, do not seem to be suitable for survival of these dividing precursor cells. It can also be concluded that the neuronal progenitor cells described in the present and previous studies ) are postmitotic cells that withdrew from the mitotic cycle at least 6 hr previously.
Appearance of neuronal and glial properties in cells of sympathetic chain ganglia
The demonstration that all dividing cells (including neuronal precursors) in dorsal root ganglia, nodose ganglia, and ciliary ganglia lack neuron-specific markers is in contrast to previous findings that in sympathetic ganglia (Rothman et al., 1978) and the enteric nervous system (Teitelman et al., 1981) , dividing cells are found that express certain neuron-specific properties (i.e., transmitters and transmitter-synthesizing enzymes). Thus, sympathetic ganglia were analyzed during the period of neuronal birth for the presence of undifferentiated cells. Sympathetic ganglia were shown to contain a very high proportion of cells that express neuronal surface markers between E7 and ElO. 04-positive glial cells and fibroblasts account for less than 10% of the total cell population (Fig. 6 ). Undifferentiated cells (i.e., cells that are devoid of markers specific for neurons, glial cells, or fibroblasts) were not detectable in significant numbers during this time period, which is characterized by a massive proliferation of sympathetic ganglion cells (Cohen, 1974; Rothman et al., 1978) . The cell population remaining after elimination of all Q21 l-positive cells from E7 sympathetic ganglion cells did not contain progenitor cells with the ability to differentiate to neurons in vitro (Fig. 7) . Dividing cells in sympathetic ganglia express neuron-specific surface markers Dividing cells in E7 sympathetic chain ganglia were labeled in vivo by a 2 hr 3H-thymidine pulse. After dissociation of the ganglia, the cells were stained for the presence of neuron-specific surface markers and analyzed for thymidine incorporation by autoradiography. About 11 -t 2% of the Q21 l-positive cells were thymidine-labeled (Fig. 8) . This result was confirmed using quantitative DNA measurements in identified Q2 11 -positive cells (Figs. 9, 10 ). Sympathetic ganglion cells (E7), after 3 hr in culture, were stained for 4211 antigen and were then perme-
Sympathetic ganglion cells with neuronal surface antigens divide in vitro
Dividing sensory neuronal precursor cells did not survive under the culture conditions used in the present study. Since E7 sympathetic chain ganglia contain a large number of dividing cells that express neuronal properties and are thus more differentiated than the sensory precursors, we investigated the ability of these sympathetic ganglion cells to survive and divide in culture. Cells from E7 sympathetic ganglia were cultivated in F14 supplemented with 10% horse serum, 5% fetal calf serum, and 10 ng/ ml NGF, using laminin as a substrate. When 'H-thymidine was added during the last 18 hr of a 48 hr culture period, 34 f 6%
(n = 8) of the Q21 l-positive cells were 3H-thymidine labeled (Fig. 11, a, b) . Q2 11 -positive cells in different phases of the cell cycle could be observed after DNA staining (Fig. 11 , c-e shows a cell in the anaphase). Quantitative DNA measurements of identified Q2 11 -positive cells after 1 d in culture demonstrated a population of cells in the G2 phase of the cell cycle (data not shown), as was shown previously for the in vivo situation. Discussion Figure 9 . Corn bined stainmg of cells for DNA and cell surface antigens. E7 sympathetic ganglion cells after 3 hr in culture were stained for the Our previous analysis of the appearance of neuronal and glial properties in cells of lumbosacral dorsal root ganglia from chick and quail embryos demonstrated the presence of an undifferentiated cell population during early development. The disappearance of this cell population correlated with the end of neuronal precursor cell proliferation in chick and quail DRG. The present study demonstrates that an undifferentiated cell population is also present at the periods of neuronal birth in the nodose and ciliary ganglia. Proliferating precursor cells do not express neuron-specific surface markers in these ganglia, one of these markers, the 4211 antigen, being acquired about 18 hr after terminal mitosis. Proliferating neuronal precursor cells acquire the ability for survival and neuronal differentiation in vitro about 6 hr after terminal mitosis. In contrast, in lumbosacral sympathetic chain ganglia, no undifferentiated cells were detectable at the time of neuronal birth and evidence is presented that proliferating cells in sympathetic ganglia express neuron-specific surface antigens and are able to survive and divide in culture. These results support and extend previous findings (Cohen, 1974; Rothman et al., 1978; Teitel- , 1981; Rohrer et al., 1985 ) and demonstrate appropriate filter combinations. Magnification, x 750.
that the relationship between terminal mitosis and differentiation is dependent on the type of peripheral ganglia. Using cell surface markers specific for neurons, glial cells, and fibroblasts in cell preparations of dissociated ganglia, it is posabilized and stained with bisbenzimide, a fluorescent DNAsible to quantify the proportions of the total ganglion cell popbinding dye (Fig. 9) . Q2 11 -positive cells were selected, and the ulation belonging to the various cell lineages at different develamount of bisbenzimide fluorescence, which is proportional to opmental time periods. Double-label experiments have the amount of DNA (Arndt-Jovin and Jovin, 1977), was depreviously established that these markers identify nonoverlaptermined photometrically. The Q2 11 -positive cells in E7 symping populations . It should also be menpathetic ganglia consisted of 2 populations (Fig. 10) . The mationed, in this context, that tetanus toxin, which has been demjority of cells contained the amount of DNA characteristic for onstrated to bind not only to neurons but also to certain types cells in the Cl phase of the cell cycle. A second population of of glial cells in the mammalian brain (Raff et al., 1983 ; Miller cells contained twice the amount of DNA, representing cells in and Raff, 1984) , in our cultures of chick peripheral ganglion the G2 phase. The assignment of DNA content to fluorescence cells never stained cells with non-neuronal morphology (Rohrer intensity was possible because of the presence of 42 11 -positive and Sommer, 1983; Rohrer, 1985) . The analysis of the changing cells with metaphase nuclei (see Fig. 11 ) that demonstrated high cellular composition of the developing nodose and ciliary ganfluorescence levels. The G2 population of Q2 11 -positive cells glion showed a result similar to the situation in the chick and was detected only in sympathetic ganglia and not in dorsal root quail dorsal root ganglion : the proganglia.
portion ofglial cells increased throughout development, whereas the neuronal population initially increased but then decreased again. The increase in the proportion of neurons is due to the generation of neurons during the period of neuronal birth (see below). Since the glial cells continue to divide after the period of neuronal birth, the proportion of neurons starts to decrease rapidly.
At early stages of development a large proportion of cells in sensory and parasympathetic ganglia was found to be negative for the markers used and could not be assigned to a cell lineage. For these cells, the term "undifferentiated cell population" is used. The undifferentiated cell population was detected in these ganglia up to E6. The disappearance of undifferentiated cells correlates with the termination of neuronal precursor proliferation in these ganglia (d'Amico-Martel, 1982) suggesting that neuronal precursor cells are present in the undifferentiated cell population. These neuronal precursor cells were identified by their ability to acquire in culture neuronal morphology and neuron-specific surface antigens. However, not only neuronal precursor cells but also glial precursor cells are present in the undifferentiated cell population (H. Haltmeier and H. Rohrer, unpublished observations). Thus, the disappearance of undifferentiated cells during development reflects the differentiation of both glial cells and neurons, and for this reason no strict correlation between periods of neuronal birth and the presence of undifferentiated cells can be expected. It should be pointed out that in all these ganglia (sensory and parasympathetic), the cells of the glial cell lineage have acquired the 04 antigen around the time that all neurons have been generated. This suggests that glial differentiation may not proceed independently, but could be linked to neuronal differentiation. There is considerable evidence for neuron-dependent glial differentiation, not only at the stage of myelination (for a review, see Bunge et al., 1986) but also at earlier stages of glial development (Holton and Weston, 1982) .
The present analysis provides evidence that the Q2 11 antigen is expressed around the time of neuronal birth. To analyze the relationship between terminal mitosis and expression of the neuronal surface markers in more detail, 3H-thymidine-labeling experiments were carried out. It was shown that cells in the S-phase of the cell cycle do not express neuronal surface markers in dorsal root ganglia, nodose ganglia, and ciliary ganglia. In dorsal root ganglia, the expression of the Q211 antigen was found to begin about 18 hr after the terminal round of DNA synthesis. In addition, dividing precursor cells identified by thymidine labeling were found to acquire the ability to survive and differentiate into neurons about 6 hr after the terminal S-phase. Thus, it is possible to follow the stepwise maturation of cells of the neuronal lineage from dividing undifferentiated cells to Q2 llpositive cells. It can also be concluded that the neuronal progenitor cells present in the undifferentiated cell population of peripheral ganglia , and the present study) are postmitotic and must have withdrawn from the mitotic cycle between 6 and approximately 18 hr previously. In this context, it should be mentioned that the neuronal precursor cells not only lack the neuron-specific cell surface markers but also are devoid of voltage-dependent ion channels, which are acquired during differentiation in vitro . The fact that the neuronal precursor cells are born within a narrow time range explains their relatively synchronous differentiation to neurons in vitro. It is not known at present if the time interval between terminal mitosis and the appearance of Q211 antigen or tetanus toxin receptor is similar in the ciliary and nodose ganglia.
The observation that neuronal differentiation starts after the terminal mitosis of neuronal precursor cells in sensory and parasympathetic ganglia is similar to previous results obtained in the central nervous system (Olson and Seiger, 1972; Rothman et al., 1980; Schmechel et al., 1980; Koulakoff et al., 1983) . It has been shown that, in the central nervous system, neuronspecific properties, such as tetanus toxin receptors (Koulakoff et al., 1983) or tyrosine-hydroxylase immunoreactivity (Rothman et al., 1980) , are not expressed by dividing neuronal precursor cells. The zone of proliferating precursor cells was found to be devoid of neuronal markers (Cochard and Paulin, 1984) .
In contrast, it has been observed that in sympathetic ganglia of the PNS of both chick and rat (Cohen, 1974; Rothman et al., 1978 Rothman et al., , 1980 and in the gut (Teitelman et al., 198 l) , thymidinelabeled cells express neuron-specific properties, such as transmitters, transmitter-synthesizing enzymes, transmitter uptake, and storage mechanisms. Dividing cells that express tetanus toxin receptors have also been described in the dorsal root ganglion of the mouse embryo, which seems to differ in this respect from the chick embryo (Koulakoff et al., 1983) .
In the present study it was demonstrated that, in addition to Cells with neuron-specific surface markers from E7 sympathetic chain ganglia divide in vitro. Cultures from E7 sympathetic ganglion cells after 1 d in culture were labeled with 3H-thymidine for 18 hr, stained for Q211 antigen, and processed for autoradiography. a, Phase-contrast; b, 42 11 antigen. Cultures from E7 sympathetic ganglion cells after 1 d in culture were stained simultaneously for the Q2 11 antigen and for DNA (using bisbenzimide). c, Phase-contrast; d, Q2 11 antigen; e, DNA staining. Magnification, x 3 15. adrenergic properties, dividing cells in E7 chick sympathetic ganglia express neuron-specific surface antigens. DNA synthesis of 42 11 -positive cells in E7 sympathetic ganglia was demonstrated by 3H-thymidine incorporation. The demonstration of 421 l-antigen-positive cells that were in the G2 phase of the cell cycle and of mitotic figures in vitro supports the conclusion that 3H-thymidine incorporation reflected DNA replication rather than DNA repair. At present, the place of these cells in the sympathetic cell lineage is unclear. In the chick, in addition to adrenergic sympathetic neurons and small, intensively fluorescent (SW) cells (Luckenbill-Edds and van Horn, 1980) , cholinergic sympathetic neurons are also present in considerable numbers in lumbosacral sympathetic ganglia (Edgar et al., 198 1; Rohreret al., 1983; Hayashi et al., 1985; New and Mudge, 1986) . It is not known if these cells arise from common or different precursors. It has been demonstrated that SIF cells of the rat sympathetic nervous system can be precursors of adrenergic neurons (Doupe et al., 1985) that may subsequently develop cholinergic properties (Patterson and Chun, 1977; Landis and Keefe, 1983) . For the chick there is evidence that adrenergic and cholinergic lineages are separated early during development (Edgar et al., 198 1; ; see also Zum and Mudry, 1986) . The present finding that sympathetic ganglion cells expressing neuronal properties continue to divide in culture opens the possibility of analyzing in more detail the sympathetic cell lineage in vitro. In addition, it will allow the study of factors involved in neuronal proliferation.
The analysis of the cellular composition of sympathetic ganglia demonstrated that all cells that incorporate 3H-thymidine between E7 and El0 already express cell type-specific surface markers. Even at E7, the earliest time point studied, no undifferentiated cells have been detected. Thus, it must be concluded that the hyperblastic growth of sympathetic ganglia during that time period is entirely due to cell division of differentiated cells rather than to proliferation and differentiation of undifferentiated cells.
Taking adrenergic cells from developing central and peripheral nervous systems as models, it was previously concluded that central and peripheral neurons differ with respect to the relationship between mitotic arrest and early phenotypic differentiation (Rothman et al., 1980) . The present results demonstrate, however, that the adrenergic cells from sympathetic ganglia are more of an exception than the rule in the PNS as well: there appears to be no common principle linking the arrest of cell division to the acquisition of the differentiated neuronal phenotype.
